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. I n t r o d u c t i o n  
 he' p u r p o s e  -of t h , i s  manual  2s  to  s e r v e  a s  b o t h  a n  i n t r o d u c t o r y  and 
r e f e r e n c e  manual  on t h e  s u b j e c t  o f  w r i t i n g  p rog rams  t o  u s e  t h e  
MODCOMP-NOVA i n t e r f a c e .  T h i s  i n t e r f a c e  was d e s i g n e d  a t  S a n d i a  
L a b o r a t o r i e s  by Lyndon P i e r s o n ,  2648,  and R a n d a l l  Simons,  2644. I t s  
i n i t i a l  a p p 1 , i c a t i o n  is t o  p r o v i d e  a l i n k  be tween  a MODCOMP I1 m i n i -  
computer  b e i n g  used  as a remote  j o b  e n t r y  t e r m i n a l  (RJET) and a D a t a  
G e n e r a l  NQVA 3/D min icompu te r  b e i n g  used  t o  m a n i p u l a t e  and o u t p u t  
p l o t  d a t a  on an  e l e c t r o s t a t i c  p l o t t e r .  
. ' P h y s i c a l l y ,  t h e  MODCOMP-NOVA i n t e r f a c e  c o n s i s t s  o f  a 4.805 g e n e r a l  
p u r p o s e  i n t e r f a c e  b o a r d  housed  i n  t h e  MODCOMP, a 4040 g e n e r a l  p u r p o s e  
. i n t e r f a c e  boa rd  ( m o d i f i e d  a t  S a n d i a )  housed  i n  t h e  NOVA, and a c a b l e  
- c o n n e c t i n g  t h e  two b o a r d s .  The i n t e r f a c e  was d e s i g n e d  s u c h  t h a t  a l l  
m o d i f i c a t i o n s  were made on t h e  4040 boa rd  (wh ich  h a s  wi re -wrap  p i n s  
and s p a c e  f o r  e x t r a  c h i p s  t o  f a c i l i t a t e  s u c h  c h a n g e s ) .  Thus t h e  
4805 is unmodi f i ed  and t h e  4040 h a s  been  changed  t o  " u n d e r s t a n d  t h e  
l a n g u a g e "  o f  t h e  4805. 
The MODCOMP-NOVA i n t e r f a c e  s u p p o r t s  t h e  f o l l o w i n g  f u n c t i o n s :  
MODCOMP-to-NOVA d a t a  c h a n n e l  t r a n s f e r s  
NOVA-to-MODCOMP d a t a  c h a n n e l  t r a n s f e r s  
MODCOMP-to-NOVA d o w n l i n e  l o a d  
MODCOMP- to-NOVA f  unc tion/command b i t  t r a n s f e r s  
NOVA-to-MODCOMP s t a t u s  b i t  t r a n - s f e r s  
MODCOMP- to-NOVA s e r v i c e  i n t e r r u p t  
NOVA-to-MODCOMP s e r v i c e  i n t e r r u p t  
Comments a r e  i n v i t e d  f rom r e a d e r s  o f  t h i s  manual  who have  c o r r e c t i o n s  
o r  o t h e r  s u g g e s t i o n s  as t o  how t o  improve it. Direct  comments t o  
Randy Simons,  D i s t r i b u t e d -  P r o c e s s i n g  Sys tem D e s i g n  D i v i s i o n  2644, 
4-3080. 
1. ~ o g i c a l  S t r u c t u r e  
1.1 4805 L o g i c a l  S t r u c t u r e  
The  4805 is a d d r e s s e d  u s i n g  d e v i c e  a d d r e s s  1116.  T h i s  
g i v e s  i t  a n  1/0 p r i o r i t y  o f  2 ,  d a t a  i n t e r r u p t  l o c a t i o n  9 1 ,  
s e r v i c e  i n t e r ' r u p t  l o c a t i o n  D l ,  and DMP l o c a t i o n s  TC=63 and  
TA=73. T h i s  p u t s  i t  i n  t h e  s econd  1/O g r o u p ,  g r o u p  B, s o  
I(O i n s t r u c t i o n s  s h o u l d  u s e  t h e . s u f f i x  "B" and  a n  a d d r e s s  
o f  1. Iri t h i s  manua l  t h e  mnemonic "MCNV" h a s  b e e n  e q u a t e d  
t o  1 to allow more r e a d a b l e  1/0 i n s t r u c t i o n s .  
The  4805 h a s  a 6 - b i t  command r e g i s t e r  which is used  t o  s e n d  
f u n c t i o n  commands t o  t h e  NOVA. Due t o  l i m i t a t i o n s  o f  t h e  
MODCOMP i n s t r u c t i o n  set, o n l y  5 o f  t h e s e  b i t s  are a c t u a l l y  
u s a b l e ,  w i t h  t h e  s i x t h  b i t  d e t e r m i n i n g  w h e t h e r  t h e  command 
r e g i s t e r  g e t s  l o a d e d  on  a g i v e n  i n s t r u c t i o n .  T h i s  r e g i s t e r  
c a n  be w r i t t e n  t o  u s i n g  i n s t r u c t i o n s  described . i n  
s e c t i o n  2.1. 
The 4805 w i l l  cause an  i n t e r r u p t  r e q u e ~ t  i n  t h e  MODCOMP 'on 
e i t h e t  o f  two o c c a s i o n s :  
A. A d a t a  i n t e r r u p t  ( D I )  is c a u s e d  by t h e  c o m p l e t i o n  o f  a 
d a t a  c h a n n e l  t r a n s f  er. 
B. A s e r v i c e  i n t e r r u p t  ( S I )  is c a u s e d  i n  two p o s s i b l e  ways: 
1. An e x t e r n a l  s e r v i c e  i n t e r r u p t  comes f rom t h e  NOVA 
and  i n d i c a t e s  t h a t  t h e  MODCOMP s h o u l d  c h e c k  t h e  
NOVA'S s t a t u s .  
2. A n  i n t e r r i a l  s e r v i c e  i n t e r r u p t  occurs when t h e  
MODCOMP e x e c u t e s  a t e r m i n a t e  i n s t r u c t i o n .  
Two s t a t u s  b i t s  are p r o v i d e d  to  d i f f e r e n t i a t e  i n t e r n a l  and 
e x t e r n a l  s e r v i c e  i n t e r r u p t s .  
1 . 2  4040 L o g i c a l  S t r u c t u r e  
The  4040 is a d d r e s s e d  u s i n g  d e v i c e  c o d e  7 ,  which is e q u i v a -  
l e n t  t o  t h e  d e v i c e  mnemonic MCAR. MCAR s t a n d s  f o r  M u l t i -  
p r o c e s s o r  Communica t ions  A d a p t e r  R e c e i v e r ,  which  is a Data 
G e n e r a l  p r o d u c t  whose c o n v e n t i o n s  w e  have  f o l l o w e d  when 
a p p l i c a b l e .  However,  t h e  4040 u s e s  p r i o r i t y  m a s k  b i t  11, 
i n s t e a d  of 1 2  ( w h i c h  i s  s tandard  for  MCAR), b e a a u ~ e  t h e  
p l o t t e r  u s e s  b i t  1 2  and t h e  4040 mus t  b e  a s s i g n e d  a d i f -  
f e r e n t  p r i o r i t y .  I n  t h i s  manua l ,  t h e  mnemonic "MCNV" h a s  
b e e n  e q u a t e d  t o  7  t o  allow more r e a d a b l e  1/0 i n s t r u c t i o n s .  
A u s e r  w r i t i n g  p r o g r a m s  on  t h e  NOVA w i l l  d e a l  d i r e c t l y  w i t h  
4  r e g i s t e r s  on  t h e  4040: 
A d d r e s s  R e g i s t e r - - c o n t a i n s  t h e  a d d r e s s  i n  NOVA memory 
o f  n e x t  d a t a  c h a n n e l  t r a n s f e r  word. ( 1 6  b i t s )  
Word Coun t  R e g i s t e r - - c o n t a i n s  t h e  number o f  w o r d s  l e f t  
t o  b e  t r a n s f e r r e d  i n  t h e  n e x t  or c u r r e n t  d a t a  c h a n n e l  
t r a n s f e r .  ( 1 6  b i t s )  
F u n c t i o n  R e g i s t e r - - c o n t a i n s  commands f rom t h e  MODCOMP 
. t o  t h e  NOVA s p e c i f y i n g  what  t h e  NOVA s h o u l d  d o  n e x t .  
( 8  b i t s )  
S t a t u s  R e g i s t e r - - c o n t a i n s  h a r d w a r e  s t a t u s  o f  t h e  NOVA 
t o  b e  communica ted  t o  t h e  MODCOMP. ( 8  b i t s ,  7 u s a b l e )  
T h e s e  r e g i s t e r s  c a n  be r e a d  and w r i t t e n  u s i n g  t h e  commands 
d e s c r i b e d  ' i n  s e c t i o n  2.2. 
B e s i d e s  r e a d i n g  and  w r i t i n g  t h e s e  r e g i s t e r s ,  t h e  o n l y  o t h e r  
o p e r a t i o n s  t h a t  c a n  b e  d o n e  f rom t h e  NOVA are t o  s t a r t  and  
s t o p  d a t a  c h a n n e l  t r a n s f e r s  and t o  s e n d  a n  i n t e r r u p t  to  t h e  
' MODCOMP. 
The 4040 w i l l  c a u s e  a n  i n t e r r u p t  r e q u e s t  i n  t h e  NOVA o n  
e i t h e r  o f  two o c c a s i o n s :  
/ 
A. A d a t a  i n t e r r u p t  is c a u s e d  by t h e  c o m p l e t i o n  o f  a d a t a  
c h a n n e l  t r a n s f  e r .  
B. A s e r v i c e  i n t e r r u p t  is c a u s e d  by a c h a n g e  i n  t h e  v a l u e  
o f  c e r t a i n  b i t s  i n  t h e  f u n c t i o n  r e g i s t e r - -  r e c e i v e  d a t a  
block, r e c e i v e  c o n t r o l  b l o c k ,  or t r a n s m i t  s t a t u s .  
To d i f f e r e n t i a t e  t h e s e  i n t e r r u p t s ,  t h e  NOVA w i l l  h a v e  t o  
c h e c k  t h e  s I / D I  b i t  i n  t h e  f u n c t i o n  r e g i s t e r  which  w i l l  
e q u a l  0  i f  t h e  mos t  r e c e n t  i n t e r r u p t  was a d a t a  i n t e r r u p t  
I 
o r  w i l l  e q u a l  1 i f  t h e  most r e c e n t  i n t e r r u p t  was a s e r v i c e  
i n t e r r u p t .  
1 . 3  4805-to-4040 R e g i s t e r  C o r r e s p o n d e n c e  
The  f o l l o w i n g  two d i a g r a m s  i n d i c a t e  t h e  c o r r e s p o n d e n c e s  t h a t  
are se t  up be tween  t h e  s p e c i f i e d  r e g i s t e r  i n  t h e  MODCOMP 
( R a ) ,  and t h e  f u n c t i o n  and  s t a t u s  r e g i s t e r s  i n  t h e  4040. 
The MODCOMP i n s t r u c t i o n s  I n p u t  S t a t u s  and O u t p u t  Command 
c a u s e  t h e  a c t u a l  t r a n s f e r  o f  b i t s  b e t w e e n  t h e s e  r e g i s t e r s .  
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E N A B L E  S E T T I N G  1 0  
C M D .  B I T S  
T R A N S .  S T A T U S  1 1  
B L O C K / D O N ' T  T R A N S .  
R E C V .  C O N T R O L  1 2  
B L O C K / ' D O N  ' T  R E C V  . 
t R E C V .  D A T A  B L O C K /  1 3  
D O N ' T  R E C V .  
U N Q S S I G N E D  1 4  
S T A R T  A U T O L O A D /  1 5  
D O N ' T  S T A R T  
M O S T  S I G N I F I C A N T  B I T - 0  
L O G I C  C O N V E N T I O N :  = I / - 0  
4 8 0 5  POWER O N / O F F  
4 8 0 5  B U S Y / N O T  B U S Y  
S E R V I C E  I N T . 1  
D A T A  I N T .  
T R A N S .  S T A T U S  
B L O C K / D O N ' T  T R A N S .  
R E C V .  C O N T R O L  
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D O N ' T  R E C V .  
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D O N ' T  S T A R T  
- 
1 5  
8 
' 9  
1 0  
1 1  
1 2  
1 3  






2. I n s t r u c t i o n  Sets 
2 . 1  MODCOMP ~ n s t r u c t i o n s  
I S B  Ra,MCNV 
I n p u t  s t a t u s  f r o m  t h e  NOVA t o  r e g i s t e r  Ra. The  7 s t a t u s  
l i n e s  coming  i n  t o  t h e  4805 and  o t h e r  i n f o r m a t i o n  a r e  r e a d  
i n t o  Ra. The r e s u l t a n t  b i t s  i n  R a  are a s s i g n e d  t h e  f o l l o w -  
i n g  m e a n i n g s  ( m o s t  s i g n i f i c a n t  b i t  = 0 ) :  
B i t  # Meaninq  i f  = 1 /=0  
no e r r o r / b i t  3 ,  4  or 5 is set or 4805 n o t  p r e s e n t  
none  
4040 power  o n / o f f  
MODCOMP DMP memory p a r i t y  e r r o r / n o  e r r o r  
NOVA device ercnr/no e,r:rmc~r 
none  
4805 b u s y / n o t  busy  
MODCOMP d a t a  b u f f e r  n o t  r e a d y / r e a d y  
MODCOMP S I  c a u s e d  e x  t e r n a l l y / n o t  e x t e r n a l  
MODCOMP S I  c a u s e d  i n t e r n a l l y / n o t  i n t e r n a l  
4040 b u s y / n o t  busy  
4040 d o n e / n o t  done  
NOVA b o o t s t r a p  r e q u e s t / n o t  r e q u e s t e d  
NOVA l o a d  r e q u e s t / n o t  . r e q u e s t e d  
t r a n s f e r  o u t  o f  NOvA/into NOVA 
IDB R a ,  MCNV 
I n p u t  d a t a  f rom t h e  NOVA t o  r e g i s t e r  Ra.  T h i s  i n s t r u c t i o n  
m u s t  b e  u s e d  o n l y  when t h e  4805 is i n  r e g i s t e r  mode ( se t  by 
t r a n s f e r  i n i t i a t e  .command), o t h e r w i s e  i t s  e f f e c t  is unde- 
fined, Only  o n e  1 6 - b i t  word is i n p u t  e a c h  t i m e  t h i s  
i n s t r u c t i o n .  is e x e c u t e d .  
OCB Ra,MCNV 
O u t p u t  command f r o m  r e g i s t e r  Wa to  t h e  NOVA. The c o n t e n t s  
of  Ra  d e t e r m i n e  what  a c t i o n  w i l l  be t a k e n  by t h e  4805. 
T h e r e  are  4  allowable t y p e s  o f  commands, e a c h  o f  which  is 
d e s c r i b e d  below by g i v i n g  t h e  c o n t e n t s  o f  Ra.  
~ransfer initiate command: 
Bit # Meaning if = 1/=0 
0 =1 
1 MODCOMP DMP mode/reg is ter mode 
2 MODCOMP DI connec t/d isconnec t 
3 MODCOMP SI connec t/d isconnec t 
4 input to/output from MODCOMP 
5-9 none 
10 load 4805 command reg is ter/dont t load command 
register 
11 NOVA transmit status/dontt transmit status 
12 NOVA receive control. block/dont t receive 
13 NOVA receive data block/dontt receive 
14 unassigned 
15 NOVA start autoload/dontt start 
If bit 1 equals I, this will initiate a direct memory 
processor (DMP) transfer.   he DMP locations TA and TC 
must have already been set to the transfer address and 
transfer count. These specify where in memory the trans- 
fer is to begin, and how many words are in the block to 
be transferred. 
Terminate command: 
Bit # Meaning if = 1/=0 
=O 
=1 
MODCOMP DI .connec t/d isconnec t 
MODCOMP SI connec t/d isconnect 
cause a MODCOMP DI (automatic at end of DMP block) 
terminate 4805/dont t terminate 
=o 
abort 4805 (terminate immediately if bit 5 = 1, 
may lose data) /dont t abort 
none 
NOP command: 
Bit # Meaninq if = 1/=0 
0 ='O 
1 ' =1 
2 MOBCOMP DI eonnca t/d isconn~c k . 
3 MODCOMP SI connect/d isconnec t 
4-6 =O 
7-15 none 
S e l e c t  command: 
B i t  # . Meaning i f  = 1/=0 
=O 
none I 
r e s e t  MODCOMP e x t e r n a l  SI /donl  t r e s e t  
r e s e t  MODCOMP i n t e r n a l  S I / d o n g t  r e s e t  
i n h i b i t  4805 command r e g i s t e r  load /cause  command 
r e g  is t e r  l o a d  
NOVA t r a n s m i t  s t a t u s / d o n v  t t r a n s m i t  s t a t u s  
NOVA r e c e i v e  c o n t r o l  b lock/donl  t r e c e i v e  
NOVA r e c e i v e  d a t a  block/donl  t r e c e i v e  
u n a s s i g n e d  
NOVA s t a r t  a u t o l o a d / d o n l t  s t a r t  
ODB Ra,MCNV 
O u t p u t  d a t a  from Ra t o  t h e  NOVA. T h i s  i n s t r u c t i o n  must be  
used  o n l y  when t h e  4805 is i n  r e g i s t e r  mode ( s e t  by t r a n s f e r  
i n i t i a t e  command)., o t h e r w i s e  i t s  e f f e c t  is undef ined.  Only 
one  1 6 - b i t  word is o u t p u t  e a c h  t i m e  t h i s  i n s t r u c t i o n  is 
e x e c u t e d .  
NOVA I n s t r u c t i o n s  
DOA ACn,MCNV 
Load t h e  a d d r e s s  r e g i s t e r  from ACn. The a d d r e s s  r e g i s t e r  
c o n t a i n s  t h e  a d d r e s s  i n  NOVA memory where a d a t a  c h a n n e l  
t r a n s f e r  is to  s t a r t .  
DOB ACn,MCNV 
Load the word COLI~IL; r e g i s t e i  Erorii ACn. The word c o u n t  
r e g i s t e r  c o n t a i n s  t h e  number of  words t o  be t r a n s f e r r e d  i n  
a  d a t a  c h a n n e l  t r a n s f e r .  
DOC ACn,MCNV 
Load t h e  s t a t u s  r e g i s t e r  from ACn. ,The s t a t u s  r e g i s t e r  is 
a n  8 - b i t ,  r e g i s t e r  ( c o r r e s p o n d i n q  t o  t h e  low-order  8 b i t s  of  . 
ACn) which is used t o  send s t a t u s  i n f o r m a t i o n  from t h e  NOVA 
t o  t h e  MODCOMP. Some of  t h e s e  b i t s  come d i r e c t l y  from t h e  
4040 and c a n n o t  b e  set  by u s i n g  a DOC i n s t r u c t i o n .  I n  add i -  
t i o n ,  o n l y  7 statlls limes can be fead by t h e  4005, so b i t  
1 0  can  n o t  b e  used t o  send s t a t u s .  However, i t  can  be  read  
and w r i t t e n  by t h e  NOVA, and t h u s  c o u l d  be  used f o r  some 
i n t e r n a l  bookkeeping f u n c t i o n  on t h e  4040. Other  b i t s  a r e  
a s s i g n e d  t h e  f o l l o w i n g  meanings (most  s i g n i f i c a n t  b i t  = 0 ) :  
B i t  # Meaning i f  .= 1/=0  
none 
4040 power on /of f  
NOVA d e v i c e  e r r o r / n o  e r r o r  ( l o g i c a l  OR o f  p io t t e r  
e r ro r ,  s o f t w a r e  e r r o r ,  and b l o c k  s e q u e n c e  e r ro r )  
u n a s s i g n e d  
4040 busy/not  busy  
4040 done /no t  done  
NOVA b o o t s t r a p  r e q u e s t / n o t  r e q u e s t e d  
NOVA l o a d  r e q u e s t / n o t  r e q u e s t e d  
t r a n s f e r  o u t  o f  NOVA/into NOVA 
D I A  ACn,MCNV 
Load 'ACn from i h e  a d d r e s s  r e g  is ter. 
D I B  ACn,MCNV 
Load ACn from t h e  word c o u n t  r e g i s t e r .  T h i s  c a n  b e  used  t o  
see how a d a t a  c h a n n e l  t r a n s f e r  is p r o g r e s s i n g  and whe the r  . 
i t  is hung or no t .  
D I C  ACn,MCNV 
Load ACn from t h e  f u n c t i o n  and s t a t u s  r e g i s t e r s .  The func-  
t i o n  r e g i s t e r  is a n  8 - b i t  r e g i s t e r  ( c o r r e s p o n d i n g  t o  t h e  
h i g h - o r d e r  8  b i t s  o f  ACn) which is used t o  s end  f u n c t i o n  
commands from t h e  MODCOMP t o  t h e  NOVA. T h i s  i n s t r u c t i o n  
a l s o  r e a d s  t h e  8 - b i t  s t a t u s  r e g i s t e r  i n t o  t h e  low-order  8 
b i t s  o f  ACn s o  t h e  NOVA c a n  check  t h e  s t a t u s  o f  i t s  h a l f  
o f  t h e  i n t e r f a c e .  F u n c t i o n  r e g i s t e r  b i t s  a r e  a s s i g n e d  t h e  
f o l l o w i n g  mean ings  ( m o s t  s i g n i f i c a n t  b i t  = 0 ) :  
B i t  # Meaning i f  = 1/=0 
0  4805 power on/of f  
1 4805 busy /no t  busy  
2 NOVA s e r v i c e  i n t e r r u p t / d a t a  i n t e r r u p t  
3 NOVA t r a n s m i t  s t a t u s / d o n B  t t r a n s m i t  
4  NOVA r e c e i v e  c o n t r o l  b lock /don t  t r e c e i v e  
5  NOVA r e c e i v e  d a t a  b l o c k / d o n B  t r e c e i v e  
6 u n a s s i g n e d  
7 NOVA s t a r t  a u t o l o a d / d o n B t  s t a r t  
8-15 s t a t u s  b i t s  (see DOC i n s t r u c t i o n )  
S t a r t  p u l s e .  S e t s  BUSY = 1, DONE = 0 ,  and b e g i n s  a d a t a  
c h a n n e l  t r a n s f e r  a s  s p e c  i f  i e d  i n  a d d r e s s  r e g i s t e r ,  word 
c o u n t  r e g i s t e r ,  and i n / o u t  s t a t u s  b i t .  
Clear  p u l s e .  S e t s  BUSY = O r  DONE = O r  and s t o p s  a  data  
channel  t r a n s f e r  i'f one is i n  progress .  Note t h a t  s e t t i n g  
DONE = 0 c a u s e s  an i n t e r r u p t  reques t  i n  t h e  NOVA. T h i s  p u l s e  
a l s o  c l e a r s  the  s t a t u s  r e g i s t e r .  
P' p u l s e .  Cause an e x t e r n a l  s e r v i c e  i n t e r r u p t  reques t  i n  
the  MODCOMP. 
3. D e v i c e  D r i v e r s  
3 .1  MODCOMP-Resident ' D e v i c e  Driver  
T h i s  s o f t w a r e  is documented i n  t h e  c o d e  i t s e l f .  L i s t i n g s  
are - a v a i l a b l e  f rom S c i e n t i f i c  Comput ing S y s t e m s  D e s i g n  
~ i v i s i o n  2635. 
3.2 NOVA-Resident Dev ice ~r i v e r  
MDEF is t h e  name o f  a set o f  NOVA a s s e m b l y  l a n g u a g e  r o u t i n e s  
t h a t  c a n  b e  u s e d  t o  d r i v e  t h e  MODCOMP-NOVA i n t e r f a c e .  I t  
s h o u l d  b e  u s e d  i n  c o n j u n c t i o n  w i t h  t h e  d e v i c e  d r i v e r  r u n n i n g  
on t h e  MODCOMP. 
. . 
E x t e r n a l  I n t e r f a c e  
The u s e r ' s  p rog ram i n t e r f a c e s  w i t h  MDEF t h r o u g h  f i v e  sub-  
r o u t i n e s  and  two v a r i a b l e s .  T h e s e  r o u t i n e s  and  v a r i a b l e s  
s h o u l d  a l l  b e  d e c l a r e d  e x t e r n a l  n e a r  t h e  b e g i n n i n g  o f  t h e  
u s e r ' s  p rog ram w i t h  s t a t e m e n t s  s u c h  as  t h e  f o l l o w i n g :  




DQFUL: . DQFUL 
NQFRE: .NQFRE . EXTD NSER,ERRNO 
Each  o f  t h e s e  r o u t i n e s  and  v a r i a b l e s  w i l l  now b e  d i s c u s s e d  
i n d i v i d u a l l y .  
MDEF 
C a l l i n g  s e q u e n c e :  JSR @MDEF 
e r ro r  r e t u r n  
normal  r e t u r n  
MDEE' is a l w a y s  t h e  f i r s t  c a l l  made when u s i n g  t h i s  d r i v e r  
and  is u s e d  t o  l i n k  t h e  d r i v e r  t o  t h e  system (RTOS), i n i -  
t i a l i z e  b u f f e r  d a t a  s t r u c t u r e s ,  and i n i t i a t e  t h e  t a s k  t h a t  
r e p o r t s  errors.  The error  r e t u r n  is t a k e n  when o n e  o f  t h e  
I 
s y s t e m  c a l l s  .TASK, .IDEF, or .STMAP i n d i c a t e s  a n  e r ror  
(see r e f e r e n c e  7  ). 
MRMV 
C a l l  i .ng s e q u e n c e :  JSR @MRMV 
e r ro r  r e t u r n  
normal  r e t u r n  
MRMV is a l w a y s  t h e  l a s t  c a l l  made when u s i n g  t h i s  d r i v e r ,  I 
and  is u s e d  t o  remove the d r i v e r  f rom t h e  sy s t em.  The  e r ro r  
1 
r e t u r n  is t a k e n  when t h e  s y s t e m  c a l l  .IRMV i n d i c a t e s  an 




C a l l i n g  s e q u e n c e :  J S R  @MINT 
error  r e t u r n  ; n e v e r  t a k e n  
normal  r e t u r n  
MINT c a u s e s  a n  e x t e r n a l  s e r v i c e  i n t e r r u p t  r e q u e s t  t o  b e  
s e n t  to  t h e  MODCOMP. T h i s  w i l l  c a u s e  t h e  MODCOMP t o  check  
b o t h  t h e  h a r d w a r e  and s o f t w a r e ,  s t a t u s  o f  t h e  NOVA. Thus ,  
t h i s  is how t h e  NOVA b r i n g s  e r r o r  c o n d i t i o n s  t o  t h e  a t t e n -  
t i o n  o f  t h e  MODCOMP. I t  is a l s o  used  t o  l e t  t h e  MODCOMP 
know t h a t  a b u f f e r  h a s  become a v a i l a b l e  (see NQFRE). 
DQFUL 
C a l l i n g  s e q u e n c e  : J S R  @DQFUL 
normal  r e t u r n  
R e t u r n s :  ACO = p u i r l t e r  t o  b u f f e r  riude 
DQFUL is c a l l e d  whenever t h e  u s e r  p rogram w a n t s  more d a t a .  
DQFUL w i l l  n o t  r e t u r n  u n t i l  d a t a  is a v a i l a b l e ,  and t h e n  i t  
r e t u r n s  a s i n g l e  v a l u e  i n  ACO. T h i s  v a l u e  is t h e  a d d r e s s  
o f  an  e i g h t - w o r d  l o n g  b l o c k  c a l l e d  a b u f f e r  node. The e i g h t  
words  i n  t h e  node have  t h e  f o l l o w i n g  meanings :  
Word 1: a d d r e s s .  o f  b e g i n n i n g  o f  b u f f e r  where d a t a  is s t o r e d  
Word 2: l e n g t h  o f  t h e  b u f f e r  
Word 3: p o i n t e r  t o  n e x t  node i n  t h e  l i s t  
Word 4 :  d a t a  c h a n n e l  a d d r e s s  o f  b e g i n n i n g  o f  b u f f e r  when 
d a t a  is s t o r e d  
Word 5: reset b i t  f o r  this b u f f e t  
Word 6:  b l o c k  s e q u e n c e  number f o r  t h i s  b u f f e r  
Word 7: c u r r e n t  s t a t u s  o f  b u f f e r  
Word 8: u n a s s i g n e d  
NQFRE 
C a l l i n g  sequence :  LDA 0 ,  BFNOD ; BFNOD = p o i n t e r  t o  
b u f f e r  node. 
J S R  @NQFRE 
normal  r e t u r n  
R e t u r n s :  AC1 = 1 i f  b u f f e r  a v a i l a b l e  s t a t u s  changed .  
NQFRE is c a l l e d  when a b u f f e r  t h a t  was g o t t e n  u s i n g  DQFUL 
h a s  been  c o m p l e t e l y  p r o c e s s e d  by t h e  u s e r  p rogram and is 
r e a d y  to  b e  r e t u r n e d .  ~ e f o r e  c a l l i n g  NQFRE, ACO m u s t  p o i n t  
t o  t h e  b u f f e r  node  ( e x a c t l y  as  i t  d i d  o n  r e t u r n  f rom DQFUL).. 
When NQFRE r e t u r n s ,  t h e  v a l u e  o f  AC1 s h o u l d  b e  checked .  I f  
it e q u a l s  1, t h e  u s e r  p rog ram s h o u l d  i m m e d i a t e l y  c a l l  MINT 
t o  l e t  t h e  MODCOMP know t h a t  a b u f f e r  h a s  become a v a i l a b l e .  
NSER 
NSER s h o u l d  b e  set t o  1 whenever  a NOVA s o f t w a r e  error h a s  
o c c u r r e d .  The n e x t  t i m e  s t a t u s  is t r a n s m i t t e d  t o  t h e  
MODCOMP, t h e  NOVA s o f t w a r e  e r ror  b i t  w i l l  be set. ' 
ERRNO s h o u l d  b e  se t  t o  some d i s t i n c t  e r r o r  number ( A S C I I )  
whenever  a NOVA s o f t w a r e  e r r o r  h a s  o c c u r r e d .  The n e x t  t i m e  
s t a t u s  is t r a n s m i t t e d  t o  t h e  MODCOMP, t h i s  e r r o r  number 
w i l l  be i n c l u d e d  as t h e  s e c o n d  word o f  t h e  t r a n s m i s s i o n .  
I n t e r n a l  S t r u c t u r e  
The  r o u t i n e s  i n  MDEF c a n  b e  d i v i d e d  i n t o  t h r e e  s u b g r o u p s  
a c c o r d i n g  t o  t h e i r  f u n c t i o n s .  T h e s e  g r o u p s  and  t h e i r  rela-  
t i o n s  are shown i n  F i g u r e  3. 
The  f i r s t  g r o u p  is t h e  d e v i c e  h a n d l e r  r o u t i n e s .  None o f  
t h e  r o u t i n e s  i n  t h i s  g r o u p  c a l l  any  MDEF r o u t i n e s  o u t s i d e  
t h i s  g r o u p .  The s i x  r o u t i n e s  i n  t h i s  g r o u p  are: 
MDEF--link d e v i c e  d r i v e r  t o  s y s t e m  
MRMV--remove d e v i c e  d r i v e r  f rom s y s t e m  
MWRB--write a b l o c k  f rom t h e  NOVA t o  t h e  MODCOMP 
MRDB--read a b l o c k  f rom t h e  MODCOMP t o  t h e  NOVA 
MINT--send a n  e x t e r n a l  s e r v i c e  i n t e r r u p t  t o  t h e  MODCOMP 
FSCHK--check t h e  f u n c t i o n / s t a t u s  b i t s  on  t h e  i n t e r f a c e .  
The  s e c o n d  g r o u p  is t h e  i n t e r r u p t  h a n d l e r  r o u t i n e s .  T h e s e  
r o u t i n e s  are e n t e r e d  o n l y  upon r e c e i v i n g  a n  i n t e r r u p t  f rom 
t h e  MODCOMP-NOVA i n t e r f a c e .  They are a l l o w e d  t o  c a l l  any  
o f  t h e  o t h e r  r o u t i n e s  i n  MDEF. The e i g h t  r o u t i n e s  i n  t h i s  
g r o u p  are: 
I N T S - - i n t e r r u p t  s e r v i c e  r o u t i n e .  C o n t r o l  a l w a y s  comes h e r e  
i m m e d i a t e l y  a f t e r  r e c e i v i n g  a s e r v i c e  i n t e r r u p t  f rom 
t h e  MODCOMP-NOVA i n t e r f a c e .  The  t y p e  o f  i n t e r r u p t  is 
decoded ,  t h e n  c o n t r o l  is t r a n s f e r r e d  t o  o n e  o f  t h e  
t h r e e  f o l 1 . 0 ~  i n g  r o u t i n e s :  
STST--MODCOMP h a s  r e q u e s t e d  s t a t u s .  I n i t i a t e  t r a n s m i t t i n g  
s t a t u s  and  wait f o r  t r a n s f e r  t o  c o m p l e t e .  
I PJTERRUPT HANDLER , - . - - - - - - - - - - - - - - - - - - -  - I 
SRCL--MODCOMP .wants . to.  send a  c o n t r o l  block. I n i t i a t e  
r e c e i v i n g  c o n t r o l  block and wa i t  f o r  t r a n s f e r  t o .  
complete. 
SRDA--MODCOMP wants t o  send a d a t a  block. I n i t i a t e  r ece iv -  
ing d a t a  block and w a i t  f o r  t r a n s f e r  t o  complete. 
Once a  t r a n s f e r  has  completed, c o n t r o l  is t r a n s f e r r e d  t o  
ope of the  t h r e e  fol lowing rou t ines :  
DTST--Clean up a f t e r  t r a n s m i t t i n g  s t a t u s .  
DRCL--Clean up a f t e r  r ece iv ing  c o n t r o l  block.  
DRDA--Clean up a f t e r  r ece iv ing  d a t a  block. 
I f  something goes wrong i n  one of t hese  . rou t ines ,  a  s p e c i a l  
t a sk  is i n i t i a t e d  which w i l l  begin  execu t ion  once t h e  
i n t e r r u p t  has  been dismissed:  
INTER--handle an i n t e r r u p t  e r r o r  cond i t i on .  Output an e r r o r  
message on the  p l o t t e r  and dump NOVA memory. 
The s t a t u s  t r a n s m i t t e d  by STST h a s  t h e  fol lowing format: 
(Most S i g n i f i c a n t  b i t  = 0,  l o g i c  convention:  = 1/=0)  
Word 1: b i t  10: p l o t t e r  on - l i ne /o f f - l i ne  
b i t  11: p l o t t e r  has  paper/out-of-paper 
b i t  12: p l o t t e r  ready/not ready 
b i t  13: NOVA sof tware  e r ro r /no  e r r o r  
b i t  1 4 :  block sequence e r ro r /no  e r r o r  
b i t  1 5  r b u f f e r  a v a i l a b l e / n o t  a v a i l a b l e  
Word 2: e r r o r  number (ASCII) ,  v a l i d  only  when b i t  13  
above = 1 
The c u n t r o l  block received by DRCL h a s  t h e  fol lowing format: 
, . 
Word 1: word count  of fo l lowing  d a t a  block 
Word 2: r e s e t  b i t  ( se t  on t h e  f i r s t  block of each g r a p h i c s  
f i l e )  
Word 3: block sequence number 
Words 4-8: unassigned 
. The t h i r d  group is t h e  b u f f e r  handle r  rou t ines .  These rou- 
t i n e s  manipulate  t he  b u f f e r s  .used  t o  hold d a t a  rece ived  
from . t h e  MODCOMP. None of t h e s e  r o u t i n e s  ca l l  any o the r s .  
The b u f f e r s  a r e  organized a s  fol lows:  
BUF1, BUF2, BUF3, BUF4- -c i r cu l a r ly  l i n k e d  b u f f e r s  o f  1 2 8  
1 6 - b i t  words  i n '  ' l e n g t h  e a c h  
NODE1,  NODE^, NODES, NODE4--buff er nodes  o f  8  LC-bi t words 
i n  l e n g t h  each. '  
word 1: a d d r e s s  o f  t h e  c o r r e s p o n d i n g  b u f f e r  
word 2: l e n g t h  o f  t h e  b u f f e r  
word 3: p o i n t e r  t o  t h e  n e x t  node i n  t h e  l i s t  
word 4: data  channe.1 a d d r e s s  o f  b e g i n n i n g  o f  b u f f e r  
where  d a t a  is s t o r e d  @ 
word 5 :  reset b i t  f o r  t h i s  b u f f e r  
word 6: block s e q u e n c e  number f o r  t h i s  b u f f e r  
word 7: c u r r e n t  s t a t u s ' o f  b u f f e r  
word 8: u n a s s i g n e d  
FREE--conta ins  a p o i n t e r  t o  t h e  node o f  t h e  n e x t  f r e e  
b u f f e r .  
FULL--contains  a p o i n t e r  to  t h e  node o f  t h e  n e x t  f u l l  
b u f f e r .  
The  f i v e  b u f f e r  h a n d l e r  r o u t i n e s  are: 
DQNL--get  t h e  b u f f e r  node p o i n t e d  t o  by FULL. I f  i ts b ~ ~ f f e l :  
s t a t u s  is n o t  " f u l l , "  t h e n  wait t i l l  it is. Then 
c h a n g e  s t a t u s  to  " p r o c e s s i n g , "  move FULL p o i n t e r  t o  
t h e  n e x t  node and r e t u r n  a p o i n t e r  to  the " p r o c e s s -  
i n g "  node. 
NQFRE--change s t a t u s  o f  t h e  b u f f e r  node p a s s e d  i n  t o  " f r e e "  
and  i n d i c a t e  b u f f e r  a v a i l a b l e .  I f  no b u f f e r s  were 
p r e v i o u s l y  a v a i l a b l e ,  r e t u r n  AC1 = 1. 
DQFRE--get t h e  b u f f e r  node p o i n t e d  t o  by FREE. I f  i ts buffer 0 
s t a t u s  is n o t  " f r e e , "  t h e n  r e t u r n  a n  e r r o r .  E l s e  
c h a n g e  s t a t u s  t o  " r e a d i n g , "  move FREE p o i n t e r  to  t h e  
n e x t  node ,  and r e t u r n  a p o i n t e r  to  t h e  " r e a d i n g n  
tiode. A l s o ,  i f  this was the l a s t  "freen b u f f e r ,  
i n d i c a t e  no b u f f e r s  a v a i l a b l e .  
NQFUL--change s t a t u s  o f  the b u f f e r  node p a s s e d  i n  t o  " f u l l .  " 
' B F D A T - - i n i t i a l i z e  t h e  b u f f = r  d a t a  s t r u c t u r e s  (see F i g u r e  4 ) .  
FIGURE 4 .  
BUFFER DATA STRUCTURES AFTER I N I T I A L I Z A T I O N  
3.3 MODCOMP-NOVA P r o  ~ O C O ~  
U s i n g  t h . e  MODCOMP-NOVA i n t e r f a c e  w i t h  t h e  d e v i c e  d r i v e r s  
d e s c r i b e d  ea r l i e r  w i l l  c a u s e  c o m m u n i c a t i o n s  t o  b e  c a r r i e d  
o n  b e t w e e n  t h e  MODCOMP and  NOVA a s  f o l l o w s :  
T r a n s m i t  Data B lock :  
- MODCOMP NOVA 
T e s t  h a r d w a r e  s t a t u s .  I f  n o t  OK, 
g i v e  d i a g n o s t i c  a n d  k e e p  t r y i n g .  
Send  h a r d w a r e  command " T r a n s m i t  I n t e r r u p t  
S t a t u s "  
S t a r t  DMA i n p u t  o f  s o f t w a r e  s t a t u s  S t a r t  DMA o u t p u t  o f  s o f t w a r e  
s LaLiis 
. b 
T r a n s f e r  complete T r a n s f e r  c o m p l e t e  
( I f  t i m e  o u t ,  g i v e  d i a g n o s t i c  and  
q u i t .  ) 
I f  s o f t w a r e  s t a t u s  n o t  OK, t a k e  
a p p r o p r i a t e  a c t i o n .  
S e n d  h a r d w a r e  command " R e c e i v e  I n t e r r u p t  
C o n t r o l    lock" 
S t a r t  DMA o u t p u t  o f  c o n t r o l  b l o c k  S t a r t  DMA i n p u t  o f  c o n t r o l  b l o c k  . . 
T r a n s f e r  complete ' T r a n s f e r  c o m p l e t e  
( I f  t i m e  o u t ,  g i v e  d i a g n o s t i c  and  
q u i t ) .  
S e n d  h a r d w a r e  command " ~ e c e i v e  I n t e r r u p t  
% D a t a  B l o c k "  
S t a r t  DMA o u t p u t  o f  d a t a  b l o c k  S t a r t  DMA i n p u t  o f  d a t a  b l o c k  . . . . . . 
T r a n s f e r  complete T r a n s f e r  c o m p l e t e  
( I f  t i m e  o u t ,  g i v e  d i a g n o s t i c  and  
q u i t .  ) 
A u t o l o a d  : 
MODCOMP NOVA 
. . 
T e s t  h a r d w a r e  s t a t u s .  
I f  n o t  OK, g i v e  d i a g n o s t i c  and k e e p  
t r y i n g .  
Send  h a r d w a r e  command " S t a r t  Cause  a c t i o n s  e q u i v a l e n t  t o  
A u t o l o a d "  h i t t i n g  c o n s o l e  s w i t c h e s :  
STOP,RESET,& PR LOAD. 
PR LOAD c a u s e s  e x e c u t i o n  o f  c o d e  
. . . . i n  a u t o l o a d  ROM. 
I n t e r r u p t  Send  h a r d w a r e  s t a t u s  " B o o t s t r a p  
r e q u e s t n  
S t a r t  DMA o u t p u t  o f  b o o t s t r a p  S t a r t  DMA i n p u t  o f  b o o t s t r a p .  
(4008  w o r d s )  . 
T r a n s f e r  c o m p l e t e  T r a n s f e r  c o m p l e t e .  
( I f  t i m e  o u t ,  g i v e  d i a g n o s t i c  and  
q u i t . )  
E x e c u t e  b o o t s t r a p .  
I n t e r r u p t  Send  h a r d w a r e  s t a t u s  "Load 
r e q u e s t "  
S t a r t  DMA o u t p u t  o f  s y s t e m  and  ~ t ' a r t  DMA i n p u t  o f '  s y s t e m  and  
p r o g r a m s  p r o g  r'ams , . 
T r a n s f e r  c o m p l e t e  T r a n s f e r  c o m p l e t e  
( I f  t i m e  o u t ,  g i v e  d i a g n o s t i c  and  
q u i t .  
Wait. 
Check "Load r e q u e s t n  
E x e c u t e  s y s t e m  and programs .  
Clear "Load r e q u e s t n  
4. D i a g n o s t i c s  
4 .1  MODCOMP-Resident D i a g n o s t i c s  
T h i s  s o f t w a r e  is documented i n  t h e  c o d e  i t s e l f .  L i s t i n g s  
are a v a i l a b l e  from S c i e n t i f i c  Computing Sys tems  Des ign  
D i v i s i o n  2635. 
4.2 NOVA-Resident D i a g n o s t i c s  
T h i s  program is i n  t ended  t o  p r o v i d e  e x t e n s i v e  f u n c t i o n a l  
t e s t i n g  o f  ' t h e  MODCOMP-NOVA i n t e r f a c e  from t h e  NOVA s i d e .  
T e s t s  are s e l e c t e d  by s e t t i n g  c o r r e s p o n d i n g  c o n s o l e  
s w i t c h e s .  Running t h e  f i r s t  f i v e  tests o f  t h i s  program 
r e q u i r e s  a -NOVA min icompute r  w i t h  8K words o f  memory, t h e  
NOVA h a l f  (4040 b o a r d )  o f  a MODCOMP-NOVA i n t e r f a c e ,  and a 
l i n e  p r i n t e r  (e .g . ,  e l e c t r o s t a t i c  p r i n t e r / p l o t t e r ) .  I t .  is . . 
assumed t h a t  t h e  MODCOMP h a l f  o f  t h e  i n t e r f a c e  (4805 b o a r d )  
w i l l  r emain  i n a c t i v e  d u r i n g  t h e s e  tests. Running t h e  l a s t  
two tes ts  r e q u i r e s  a MODCOMP minicomputer  and c o r r e s p o n d i n g  
A1agnostt.c saft.utare jn a4Af.t Inn tn the above. T h i s  -"grogram 
r u n s  under  RTOS. 
The c o n s o l e  s w i t c h e s  a r e  used  t o  a l t e r  t h e  e x e c u t i o n  o f  t h e  
tests and t o  select t h e  tests t o  b e  execu ted .  S e t t i n g s  are 
as  f o l l o w s  (MSB = 0 ) :  
0 - h a l t  on e r r o r  
1 - i n h i b i t  e r r o r  p r i n t o u t  
2 - i n h i b i t  s u c c e s s  p r i n t o u t  
3  - ' l o o p  i n  test  
6  - r e a d  s t a t u s  ' ( t e s t  1) 
7 - write and r e a d  s t a t u s  ( t e s t  2 )  
8  - w r i t e  and r e a d  a d d r e s s  r e g i s t e r  ( t e s t  3 ) .  
9 - write and  r e a d  ward c o u n t  r e g i s t e r  ( t e s t  4 )  
1 0  - hung t r a n s f e r  ( t es t  5 )  
11 - r e c e i v e  and e c h o  b l o c k  ( t e s t  6 )  
1 2  - i n t e r r u p t  and r e c e i v e  command ( tes t  7 )  
The d i a g n o s t i c  program is s t a r t e d  by l o a d i n g  it (MDIAG) o f f  
t h e  d i s k  and r u n n i n g  it. The f i r s t  t h i n g  i t  ..does is h a l t  
and wait f o r  you t o  set  t h e  d e s i r e d  c o n s o l e  s w i t c h e s .  Then 
a p r e s s  CONTINUE, and t h e  program w i l l  b e g i n  e x e c u t i o n .  The 
program c a n  a l w a y s  b e  r e s t a r t e d  i n  t h i s  manner whenever i t  
h a 1  ts. 
F o r  . e a c h  tes t  t h a t  is comple ted  s u c c e s s f u l l y ,  t h e  messagq 
"TEST n  SUCCEEDEDn is o u t p u t ,  where n  is t h e  test  number. 
For  e a c h  test t h a t  f a i l s ,  t h e  message  "TEST n  FAILED" is 
o u t p u t ,  where n  is t h e  test number. Also ,  an e r r o r  message 
o f  t h e  form "i SHOULD BE j" is o u t p u t ,  where i is a v a l u e  
r e a d  from some r e g i s t e r  on t h e  i n t e r f a c e ,  and j is ' w h a t  
t h a t  v a l u e  s h o u l d  be. 
The i n d i v i d u a l  tests are. d e s c r i b e d  i n  more d e t a i l  below: 
T e s t  1: . ~ e a d  s t a t u s - - c h e c k  s t a t u s  o f  t h e  i n t e r f a c e  w h i l e  
it  is. id.le.  
T e s t  2: Write and Read S t a t u s - - C h e c k s  t h a t '  a l l  w r i t e a b l e  
b i t s .  i n  t h e  f u n c t i o n / s t a t u s  r e g i s t e r  c a n  be w s i t t e n  
and r e a d  c o r r e c t l y .  
T e s t  3: Write and Read A d d r e s s  R e g i s t e r - - C h e c k s  t h a t  v a r i -  
o u s  b i t  p a t t e r n s  c a n  b e  w r i t t e n  to  and r e a d  from 
t h e  a d d r e s s  r e g i s t e r  c o r r e c t l y .  
T e s t  4: - Write and Read Word Count  Reg i s t e r - -Checks  t h a t  
. v a r i o u s  b i t  , p a t t e r n s  c a n  be w r i t t e n  t o  and r e a d  
f rom t h e  word c o u n t  r e g i s t e r  c o r r e c t l y .  
T e s t  5: Hung . T r a n s f e r - - I n i t i a t e s  a n  i n p u t  t r a n s f e r  which 
. s h o u l d  hang,  s i n c e  t h e  MODCOMP s h o u l d n u  t b e  s e n d i n g  
. a n y t h i n g .  S t a t u s  . is '  c h e c k e d  b o t h  b e f o r e  and  a f t e r  
t e r m i n a t i n g  t h e  t r a n s f e r .  
T e s t  6: R e c e i v e  and  Echo B l o c k - - I n i t i a t e s  a n  i n p u t  t r a n s f e r  . 
o f  256 words. The c o r r e s p o n d i n g  MODCOMP d i a g n o s t i c  
s h o u l d  send  a b l o c k  o f  256 words. Upon c o m p l e t i o n  
o f  t h e  t r a n s f e r ,  t h e  c o n t e n t s  o f  t h e  b l o c k  are 
p r i n t e d  on t h e  NOVA p l o t t e r  ( i f  c o n s o l e  s w i t c h  1 
is n o t  se t )  and s t a t u s  is checked .  Then t h e  d i a g -  
n o s t i c  h a l t s  ( i f  c o n s o l e  s w i t c h  3 is n o t  set)  and  
w i l l  c o n t i n u e  when t h e  c o n s o l e  s w i t c h .  CONT is 
p r e s s e d .  An o u t p u t  t r a n s f e r  o f  t h e  same 256 words 
j u s t  r e c e i v e d  is i n i t i a t e d .  The c o r r e s p o n d i n g  
MODCOMP d i a g n o s t i c  s h o u l d  receive a b l o c k  of 256  , 
words  and check  t h a t  block a g a i n s t  t h e  o n e  j u s t  
s e n t .  Upon c o m p l e t i o n  o f  t h e  t r a n s f e r ,  s t a t u s  is 
checked.  
T e s t  7: I n t e r r u p t  and R e c e i v e  Command--An i n t e r r u p t  is s e n t  
to  t h e  MODCOMP, where c o r r e s p o n d i n g  d i a g n o s t i c  
s o f t w a r e  s h o u l d  be e x p e c t i n g  it. The MODCOMP 
s h o u l d  t h e n  send  a command w i t h  none o f  t h e  func -  
t i o n  b i t s  set. T h i s  w i l l  c a u s e  a n  i n t e r r u p t  i n  t h e  
NOVA which w i l l  t h e n  c h e c k  s t a t u s .  T h i s  s e q u e n c e  
is r e p e a t e d  1 6  times t o  check  e v e r y  p o s s i b l e  set- 
t i n g  o f  t h e  f o u r  f u n c t i o n  bits. 
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